Objectives-To determine the effects of aerobic and power exercise training on haemostatic factors after coronary artery surgery and to compare the effect of the two exercise programmes.
Setting-Exercise rehabilitation classes in a teaching hospital in Glasgow.
Patients-55 men within 12 months of coronary artery surgery recruited from surgical centres and medical clinics and asked to participate in the study.
Interventions-Assessments, including a treadmill test, measurements of haemoglobin, platelet, fibrinogen, factor VIIc, and fibrinopeptide A concentrations, and packed cell volume, done at baseline, three months, and six months. Patients in the two exercise groups attended training sessions three times weekly for six months. Control patients had no formal exercise training but continued with their leisure time activities.
Main outcome measures-Exercise performance on a treadmill, haematology, and haemostatic factor assays at baseline, three months, and six months.
Results-In the aerobic trained group exercise performance increased significantly over baseline at three months (interval change 146-7, 95% confidence interval (95% CI) 52 5 to 2409 s, p = 0003) and was maintained at six months (interval change 172-1, 95% CI 63-3 to 280-9 s, p = 0002). In the power trained groups significant improvement in exercise performance was delayed until six months (interval change 99-9 s, 95% CI 203 to 170-5 s, p = 001). Exercise performance in the control did not change significantly. Haemoglobin, concentration, packed cell volume, and platelet counts did not change significantly at any time. Fibrinogen concentration was significantly lower in the aerobic group than the other two groups at three months (2-96 g/di compared with 3-3 g/di and 3-87 g/di in the power and control groups, p = 0-01). The power group had a lower fibrinogen concentration than the control group (p = 004). The lower fibrinogen concentration in the aerobic group was maintained at six months.
There was a gradual rise in factor VIIc concentrations in the aerobic and control groups compared with a small fall in the power group. Fibrinopeptide A concentrations showed no consistent changes.
Conclusions-Aerobic exercise training after coronary artery surgery causes an early favourable change in treadmill performance and in fibrinogen concen By contrast with acute exercise, little attention has been paid to the effects of chronic exercise on coagulation factors.61' Coronary artery surgery relieves angina and in selected subgroups of patients, prolongs life but it has had no impact on subsequent myocardial infarction.'2'4 Also graft failure remains problematical and can be caused by thrombosis and progressive atherosclerosis, '5 both of which are influenced by haemostatic factors. Exercise training has been found to improve exercise capacity"" and quality of life'920 in patients after coronary artery surgery. Exercise reduces cardiovascular risk through mechanisms that are as yet unclear. Intense aerobic exercise has been shown to reduce total cholesterol concentration and to increase high density lipoprotein (HDL) concentrations2' 22 and exercise training after myocardial infarction has resulted in favourable lipoprotein changes. 23 It is possible that exercise training can increase the benefits of coronary artery surgery by effecting changes in cardiovascular risk factors that are not influenced directly by myocardial revascularisation. Such risk fac-tors would include lipoproteins, fibrinogen, and factor VIIc concentrations. Exercise training as widely used in cardiac rehabilitation is usually aerobic exercise using low resistance high repetition exercises involving the rhythmic movement of large muscle groups. Power exercise has been little studied in cardiac patients because of fears associated with isometric exercise (high intensity low repetition exercise such as weight lifting) and its deleterious effects on blood pressure and therefore afterload. Power exercise is not, however, strictly isometric in that it also involved repetitious movements of a moderate weight load, by large muscle groups, with consequent increases in peripheral blood flow, cardiac output, ventilation, and oxygen consumption. In published reports it has been used only in previously trained patients.24 25 There are few studies on exercise training in patients after coronary artery surgery alone. In most reports, such patients form part of a group of "cardiac patients" including those with angina and previous myocardial infarc Those unable to exercise on a treadmill or to attend exercise classes were excluded. After baseline assessment, patients were randomised to three groups: (1) control (no formal exercise training); (2) six months graduated supervised aerobic exercise training; (3) six months graduated supervised power exercise training. Informed consent was given by each patient and the study was approved by the local ethics committee.
EXERCISE CLASSES
Patients in both exercise groups attended exercise training sessions three times weekly in the same place supervised by a physiotherapist and a rehabilitation sister or a doctor. Each patient's session lasted from 12 to 60 minutes. Aerobic exercises performed were modified from the Canadian Airforce PBX training programme. These were running on the spot, step ups, arm circling, star jumps, standing trunk curls, bridging, trunk rotation, side lying with hip abduction, arm raising, trunk side flexion, and crook lying with trunk rotation. The work performed was serially increased by increasing the number of repetitions of the exercises performed. Power exercises were based on weight training and Universal Multigym apparatus in which moderate weight loads are connected through a pulley system. Exercises performed were leg extensions, hamstrings curl, biceps curl, push down, pull down, press behind neck, bench press, pulley row, military press, and sit ups. The work performed was serially increased for each individual by increasing the weights and number of repetitions of each movement. There were rest periods of 45 s between each station. At the end of the training period each patient was exercising to his maximum. No heart rate or other cardiovascular monitoring was done during the exercises. Judgements regarding progression to the next stage of the programme were based on patient's performance and Samples of blood were taken through an indwelling cannula after an overnight fast. There had been no exercise training in the preceding 18 hours. The first 30 ml was used for lipoprotein analysis; 5 ml was used for measurement of haemoglobin, packed cell volume and platelets, 5 ml for fibrinogen and factor VIIc concentrations, and 5 ml for fibrinopeptide A assay.
SAMPLE ANALYSES
The technicians performing the assays were unaware of the patients' group. Samples were stored at -850C in plastic containers and tested in batches. Blood for factor VIIc and fibrinogen assays were stored for up to two weeks and fibrinopeptide A for up to six weeks. Haemoglobin concentration, packed cell volume, and platelet counts were measured automatically by Coulter counter.
FACTOR VIIc ASSAY
Factor VIIc was measured by the amount of correction of the one stage prothombin time found when patient's plasma is added to factor VII deficient plasma. The reagents required are available commercially and include factor VII deficient plasma, saline extract of brain, Owren's buffer, pH 7-35, calcium chloride 0-025 mol/l, patient's citrated platelet poor plasma and reference plasma containing 100 IU/dl of factor VII. After preparing serial dilutions of the reference plasma in Owren's buffer, 0-1 ml of factor VII deficient substrate plasma, 0-1 ml normal plasma dilution and 0-1 ml of saline extract of brain were placed into a glass test tube in a water bath at 37°C. The mixture was incubated for 30 s and 0-1 ml of calcium chloride (0-025 mol/l) is added. The clotting time was recorded. Each dilution was tested twice and the average clotting time was plotted on double log graph paper against calculated plasma factor VII concentration. The one in 10 dilution of normal plasma was considered to contain one unit of factor VII activity per ml (100 IU/dl). The patient's plasma was similarly assayed, with dilutions tested depending on the expected factor VII concentrations. The clotting time of the dilution ofpatient's plasma was converted to factor VII activity by extrapolation from the standard graph. The normal range is 60-150 IU/dl.
FIBRINOGEN ASSAY
The fibrinogen assay was carried out with a Multifibren kit (Behring) by a modification of the Clauss method. Multifibren consists of lyophilised a-thrombin from bovine plasma. The principle is that citrated plasma is clotted by the addition of a relatively large amount of thrombin; clotting time depends mainly on the fibrinogen content of the blood sample. Plasma was diluted one in nine with barbital buffer solution (pH 7 6) and the assay performed within 15 minutes: 0-2 ml of citrated plasma solution and 0-2 ml fibrintime were placed in a prewarmed test tube at 37°C, incubated for 60 s, and 0-2 ml of Multifibren was added. The clotting time was recorded. The result was converted to g/dl from a standard table of values supplied in the kit. Reference curves were checked with supplied control plasma (lyophilised human plasma). The normal range is 1-8-3-5 g/dl.
STATISTICAL ANALYSES
Results were considered on an intention to treat basis. All variables were analysed by analysis of variance and paired t test for normal data, Wilcoxon signed rank test for non-normal data within groups, and unpaired t test or MannWhitney U test for differences between the groups. Results are expressed as mean (SEM or 95% CI). Where the data were non-normal, non-parametric methods for calculating confidence intervals were used.
Results
There were no exercise related deaths or cardiovascular events. Patients in the exercise groups attended 55%-65% of the sessions. Two patients dropped out of the power training group after a few weeks due to problems with their surgical scars.
Treadmill time and workload was significantly improved in the aerobic exercise trained groups at three months and the improvement was maintained at six months, whereas in the power group significant improvement in treadmill performance was delayed until six months. The control group did not show any significant change in treadmill performance (tables 2 and Fibrinogen and factor VII are independent risk factors for atherosclerosis and thrombosis.' Exercise has been shown to protect against coronary artery disease both in primary"" and secondary prevention studies,"' although the mechanisms through which it exerts this influence are not clear. It does cause beneficial changes in lipoprotein profiles.2123
Our preliminary results suggest a further mechanism by which chronic exercise is beneficial, specifically in men, after coronary artery surgery.
The study is one of effects and not mechanisms. A mechanism that has been suggested for the effects of exercise on haemostatic factors is that it reduces tissue hypoxia and lactic acid production after exercise due to improved cardiovascular performance with a reduced tendency to haemostasis. The tendency to increased membrane permeability and damage to muscle cells may also be reduced by exercise training6 with a reduction in the activation of coagulation.
Several studies have been carried out on the effects of acute and chronic exercise on the fibrinolytic system but only limited studies on the effects of chronic exercise on haemostatic factors. Williams et al showed that physical conditioning by 10 weeks of training on a treadmill augments the fibrinolytic response to thrombotic stimuli such as venous occlusion.39 Regular vigorous sporting activities enhance blood fibrinolysis by reducing blood plasminogen activator inhibitor capacity in healthy men, but do not affect this significantly in patients after myocardial infarction in a rehabilitation class.'M This is by contrast with the findings of Estelles et al who showed that in patients after myocardial infarction in an ejercise rehabilitation class, there was a slight improvement in fibrinolytic activity measured by plasminogen activator inhibitor activity compared with controls.4' Drygas reported on Table 4 Fibrinogen concentrations at each assessment and changes from baseline within the groups (g/dl) (1) (2) (3) (4) (5) determinant of platelet behaviour. Concentrations within the physiological range have a noticeable and consistent effect on measures of the ability of platelets to aggregate, and also influence blood viscosity. 32 44 Beneficial effects ofpower exercise training in this group were delayed. This would suggest that for immediate rehabilitation, aerobic exercise may be better. Most activities of daily living, however, involve a power componentfor example, gardening, DIY, and shopping so power training is a relevant part of rehabilitation programmes.
We did not study the effects of acute exercise on haemostatic factors either in training or on the treadmill. Several previous studies have considered the issue with variable results. We do not know what the effects antiplatelet or antiischaemic drugs have on haemostatic factors but our groups did not have significant differences in drug history.
It has been difficult to date to explain fully the beneficial effects of exercise on health. We often allude to other changes in behaviour of exercise trained subjects to account for these benefits. In our study, we have two exercise trained groups showing differences in both treadmill time and haemostatic factors despite attending sessions in the same place under supervision of the same persons and receiving the same treatment in all ways other than the type of exercise they performed. We cannot help but conclude (no matter what the precise mechanism is) that aerobic exercise training results in different and earlier benefits than power exercise training in these patients.
LIMITATIONS OF THE STUDY
Cardiopulmonary exercise testing could have improved the objectivity of the study with regard to exercise capacity. Unfortunately we did not have the necessary equipment. Motivation of patients plays a large part in exercise rehabilitation and its evaluation, and it is difficult to quantify the extent to which this is so without measures of maximum oxygen uptake and anaerobic threshold. Differences obtained, however, were sufficiently large between the exercise groups and controls to justify the use of treadmill exercise testing in the assessment of both types of exercise.
We did not measure plasma viscosity or other haemorrheological factors known to influence coronary artery disease although fibrinogen even in the physiological range, is known to affect platelet activity and plasma viscosity.
In summary, exercise training can increase the benefits of coronary artery surgery. Power training may be as effective as aerobic training and carries no special dangers but its benefits may be slower to start. Aerobic exercise training causes a significant fall in fibrinogen concentrations. Power training exerts a delayed and small beneficial influence on factor VII concentrations. The mechanisms of these influences and differences are worthy of further investigation.
It would be a matter of great speculation to try to predict the degree of reduction of risk of ischaemic heart disease achieved by the fall in fibrinogen concentration after aerobic exercise training. To find such a predictive factor, a larger and longer study than this would be needed. It is possible, however, to infer (from previous epidemiological studies) that a significant reduction in cardiac events can be expected from the fall in fibrinogen concentration achieved by our patients after aerobic exercise training. The results we have found await confirmation and long-term follow up of cardiovascular events in such a group of patients.
